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NATTONAT. ADVISORY COMMITTEE FOR AERONAUTICS

TRCHNICAL NOTE NO. 1635

STRENGTH TESTS OF SHEAR WEBS WITH UFRIGHTS

NOT CONNECTED TO THE FLARGES

Results are presented of strength tests of curved and plsne shear
webe and plane beam webs of 248-T aluminum alloy stiffened transversely
(in the direction of curveture) by uprights that are not ocomnected to
the flanges. A method of predlcting ultimate strengths based on a
modified theory of incamplete dlagonal tension 1n plane webs 1s glven.

INTRODUCTION

Detachable panels on wing surfaces are often stiffened only 1n the
chordwlise direction and are attached by screwlng the edges of the pansels
to the wing skin. By the nature of their construction, such penels are
loaded primarily In shear, but the usual methods of enalyzing shear webs
are not appliceble because they are valid only when the ends of the
stiffeners are attached to longltudlnal edge members. Thls paper
presents results of tests of detachable panels and an emplrical method
of predlcting thelr strengths, based on a modification of the theory of
Incomplete diagonal tensilon.

SIMBOILS
A area enclosed by medien line of cross section of torsion box,
square Inches
radius of curvature of sheet, Iinches
spaclng of uprights, lnches

diagonal-tension factor

¢ w o W

'thicknesss inches (without subscript signifies thickness
of web
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o] centroldal redius of gyration of cross sectlon of upright
' about axis parallel to web, lnches

T nominal shear stress, ksi = . . -

Subscriptse:

Y upright

cr critical

ult ultimate

e effectlve

Special combinations:

Ag cross-gectional area of upright, square inches

AUe effective cross-sectlonal area of upright, square inches

Lg- reduced "effective" columm length (see formmlae (12) of
reference 1)

Pt ultlmate force, kips

Tult ultimate torgue, kip-inches

hy depth of beam measured between centrolds of flanges, inches

od par%met:r of fia.nge flexibillity used in theory of dlagonal

ension -

TEST SPECIMENS

Thirty-nine speclmens of three types were tested: plene shear
webs, ocurved shear webs, and plane beam webe. The webs were stiffemned -
transversely (in the direction of curveture), end both webs end
stiffeners were made of 24S-T aluminum alloy. For identification of the
shear webs a code designation 1s used such as L4-D-1, which has the
following meening:

4 is the number of the specimen
D stands for double uprights (S, for single uprights)

1 1s the approximate "rise" (dlstance in inches, measured at midchord,
from chord to web)
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General dlmenslions of the test speclmens are shown 1n flgure 1, and
more detalled dimensilons are glven in table 1. The webs with single
uprights répresent practlcel comstruction; the webs with double uprights
were Iintended for use in obtalning check data for possible Pubure
theoretlical analysis.

On &1l the epeclmens the uprlights extended transversely over the
web and were cut off a short distance from the flanges, as shown In
flgure 1. The cleer dlstence between the end of the upright and the

Plange was 113 inch for the sheer webs and % inch for the beam webs.

The shear webs were attached to a torsion box and loaded by means
of a couple applied at the tlp, as Indlecated In figure 1. The root end
of the torsion box was fastened in such a masnmner that 2t was practically
free to warp. The besm webs were tested as cantllever beams wlth the
load applied at the free end.

TEST RESUITS AND DISCUSSION

The test results are summerized in table 2. The ultimate nominal
shear stresses developed by the specimems were calculated by the
Pollowing formulas:

T
Tult = Tlﬂi (for shear webs)
P
ult
T o =ult
al Bt (for beem webs)

Predicted falling loads for stiffener crippling, column fallure,
and web fallure are expressed ln the table as the nominal shear
stress T, so that strength comparisons may be made between simlliar
webs of dlfferent curvatures.

A1l predlcted failing shear stresses shown in the table were
calculated for the plane shear webe using the theory of plaene dlagonal
tenslon glven 1n reference 1; reductlons were made to the allowable
stress curves In order to provide for the uprighte not being attached
to the flanges.
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Reduced Allowable Stresses

The predlicted falling loads for forced crippling fallure of the
uprights were calculated using O.7 times the allowable stresses given
by the design formules (13a) and (13b) of reference 1. The predicted
failing loads for columm faillure are based on 0.7 times the allowable
column stress obtalned by entering a standard column curve using the
slenderness ratio Lg/p as argument. The reduced "effective" columm

length Lg is calculated using formula (12) of reference 1.

The predicted falllng loads for web fallure are based on 0.59 times
the allowable web shearing stress glven by the upper curve 1n
figure 14(a) of reference 1. The value taken from this curve was
corrected to:the material propertles of the web by multiplying by the
ratlio of the actual tenslle strength of the web to the temsile strength
upon which the curve is based. The followlng web tensile strengths,
determined by separate tests, were used: 70.5 ksl for plane shear
webs, 71.8 xsi for plene beam webs 1-8 and 2-3, end 71l.3 ksl for plane
beam webs 3-S and 4-S. Observation of-the shear and beam webs during
the tests showed that, at about two-thirds the ultimate loed, a sharp
fold developed 1n the sheet between the ends of the uprighte and the
flanges. The web fallures in most cases were caused by the upright
ends punching through the sheet.

Plane Bhear Webs end Beem Webs

Ratios of the nomingsl shear strese at—actual failure to the nmominal
shear stiress at the predicted failure for the plane shear webs are
glven 1n taeble 2. Camparison of the predicted with the actual falling
loaeds shows that the strength predictions based on the alloweble
stresses chosen were conservative except for specimen 1-8 which is
unconservaetive by a negligible amount. Table 2 also shows that the
ratio of actual to predlcted strength for the plane webs ranges
from 0.98 to 1.48, only three tests baving a ratio larger than 1.k.
The average ratio of actual to predicted stremgth is 1.24. For plane
diagonel-tension beams, with uprighte comnected to the flanges, the
corresponding average ratio for a large number of tests 1s 1.2, and
the ratio of 1.4t is exceeded only in a few tests (fig. 22 of reference 1)

Curved Shear Webs

The general problem of cylindricael shear webs is treated in
reference 2. Analysis by means of this method, however, gave very poor
results (very optimistic strength predictions). The mein reason for
this fallure of the theory is probably the following. In the theory of
diagonal tension, the state of stress in the web and in the stlffeners
is governed by the shortening of the distance between flanges. If the
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uprights are commected to the flanges, thie shortening is equal to the
totel shortening of the uprights, which can be calculated. If the
uprlighte are not connected to the flanges, however, the sheet between
the end rivet in the upright and the flange buckles badly, and the
goometrlc shortening caused by thils buckling becomes much larger thean
the compressive shortening of the upright. This fact may be expressed
by saying that the "effective" upright area ‘ls much less than the
ectual area, and calculation of the effective area would require an
extremely difficult analysis of the buckled sheet umder the emds of
the upright. '

Inspection of the experimental values of Talt for the curved

webs disclosed the Interesting fact that, aside from scatter of an
apparently haphazard nature, these stresses were approximately equal

to those for the corresponding plane webs. It is, of course, impossible
to predict over what range of parameters thls somewhat surprising
coincldence wlll hold. The number of teste appears to be sufflcient,
however, to make 1t plauslible that, for moderate curvatures such as
encountered in wing surfaces (away from the leading edge), the strength
of detachable panels of the type considersd in this paper can be
predlcted wlth reasonable confidence by dlsregarding the curvaturs and
epplying the method described for plene panels. The values glven Iin
taeble 2 show that the average ratlio of actual to predlcted strength

on this besls 1s 1.23 for the webe wlth TO-lnch redius and 1l.15 for

the webs with 25-inch redius, while the ratio for plane webs was glven
before as 1.24. Shear web 6-D-1 had the highest ratlo of actual to
predicted strength (1.65). Too much weight, however, should not be
glven to thls result because the torque loading freme had insufficilent
throw and started to bpind so that the actual load applled to the
specimen waes less than the indicated load. Table 2 shows that, 1f
specimen 6-D-1 is disregarded, the minimum ratlo of actual to predlcted
strength for curved specimens was 0.99 and the maximm was 1l.4l1,
corresponding ratios for plane specimens being 0.98 and 1.48. The
accuracy of prediction for the curved webs 1s therefore of the same
order of magnitude as for the plane webs.

The suggested explanation for the fallure of the theory on the
curved webs indicates that a more rational method than the one glven
herein would require not only a modification of the allowable stresses
but also a modification of the method of camputing the stresses in
curved or plane webs wilth dlsconnected uprights. TUntll such a method
is developed, the one presented hereln may serve as a gulds.

CONCILUSIONS

From teste of 39 shear webs which had transverse stiffeners not
connected to the flange members, the followlng comcluslons were drawn:
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1. The uwltimate strength of the plane webs could be predicted by
the theory of incomplete dlagonal tension after the allowable stresses
used In this theory were sultably reduced.

2. The ultimate stremgthe of the curved webs were essentlally
the seme as those of corresponding plene webs. _

3. The consistency of strength predictions for plane or curved
webs was about the seme as for plane webs 1n which the stiffeners are

connected to the flanges.

Langley Memorlel Aeronautical Laboratory
Neational Advisory Committee for Aercnautics
Lengley Field, Va., February 18, 1948
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TARIE 1.~ FROPERTINS OF TEST AREONMENS - Conoluded

Tprights
Bpeotmen | (12 | (a2 ‘é;’ (12.) mﬁéif"’ T | ama | s 2 = PR
Ourved sheer weba ’
1-0-1 3.0 ™3 | 936 0.088 Exdxd 1.6 o.u8 ——— 0.618 | 018 | ogme |<10
2:0-1 5.0 s | m.6 ko1 ixdxd 1.56. 8 am———— 809 .88y o | <10
31 5.0 A | w6 0350 Ixdxg 240 - — | 2 | 29 M <10
kD1 0.0 &3 | o7 a8 Fregxd 1.7 118 —— ag6 296 200 | <10
5-D-1 0.0 @s | a7 0396 ix i x % 1.8 178 — 2% 4% 27 | <10
60-1 1.0 88 | m.7 o398 frdx i 2.36 a6 —— £63 663 a0 | <10
181 30 .0 | 83.6 030 xix 1.8 0% 00863 .303 as am | <10
e-8-1 5.0 T | .6 0398 fxgx ﬁ 1.0 0% 446 SAT £ & | <10
3-6-1 5.0 A | 2.6 o9 Axixg 2.3 ae o616 ) 29 | <10
ver | o na | 2.6 036 Exdrxd 158 o9 =~ KV oir | am |<10
581 10.0 773 | 3.6 0399 fxgxd 157 0% o r] 212 20 | <10
6-8-1 100 &9 | 1.6 o396 i x* x * 2.37 am: o618 33k 256 @y | <20
1-D-3 5.0 sy | k6 0399 Fagx # 7 218 ~— o S5 £ | <10
g-D-3 5.0 .2 | o6 0oL fxgx % 1.9 a8 —_— E] E ) or | <10
303 5.0 | aka | sr6 <%0 Ixfxg (%Y a5k - 12 |1 S0 | <lo
ap-3 0 A8 | 6 0338 Exdxd 197 a8 ———— 996 296 | <10
5-0-3 0.0 oy | o6 o397 fxgxdk 197 28 ——— 418 448 7 | <10
603 0.0 2.0 | o5 0403 Ixdxg 2 o6 —— - 2 0 | <10
1-8-3 3.0 e | o7 OhoL * xdx # 196 059 0083 ] a1 ax | <10
2-8-3 3.0. | 0 | ek 398 fixgxd 17 089 WS &7 - a0 | <10
3-8-3 50 | m.9 | o6 FoAL] gxgx i 2.26 38 o816 631 897 a9 | <0
*-8-3 0.0 2.8 | oy 0406 drdxg L5 039 0985 A6 065 aw | <10
3-8-3 10.0 2.7 | o %03 Exixg 1. 089 k46 o o111 - | <o
683 10.0 24 | g 0358 i xpx % 2.38 130 0616 an 158 a2 | <10
"0iromferentisl length of Wright on ourved shesr websj length of wpright ds of web-Yo~flange rivet patierns for

plans beam webs.
bopeights an specimens 1-8, 3-8, and b8 are £'s; all others are angles. W
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o
Ra AN 1] (xmi) Hnwa | 22 iz 1 N Ty Dasw | Gam | Rbm
- m = b W @ @
Doobls opm-{ghtes )
£-0-0 1-p-1 1-D-3 &4, 0.2y 18.80 i7.80 198 20 19 o8 108 0.99 110
3-D-0 -1 B-p-3 6.5 47 oh o 5.4 1B R6.7 il 8.1 1.33 Ly l.od
10 301 3-b-3 8. o | ohor 0.9 LA 9.8 e By 1.33 182 13
500 D1 D3 1.2 Ak 10,50 B 1.5 n1 ik 164 1.01 1.0 1.87
600 5-D-1 %13 1.6 -, b1.6v is.oe X7 1.6 26.8 78 1.08 189 1.19
700 601 603 1.86 o | eow | Bpw | asey | w8 | W8 | 156 1.98 i@ 201
Bingla ipcighbe
889 151 1-p-3 k.38 b&r is.w 0 13.000 13.0 — 1Th 1,18 113 100 .
------ BBl 283 — — —_— 1840 17.680 o —— 17.3 —_ 1.26 igr
¢-8-0 381 3-8-4 h86 0 1990 19,60 19 1R — 6 111 .1 1.10
16-8-0 81 |0 h-Bu 119 43 9.T% i0.30 9.9 8.7 ——— 6.1 1.12 1.18 1.06
11-8-0 B-8-1 5-p-3 1.1k A9 19.80 1. 1§.70 9. R — 158 1.36 1.19 141
19-8-0 &8-1 653 1.9¢ 0 1.9 8.5 5.0 2.5 — 16.1 l.a0 189 1469
18 S— — .15 n 2.6 —— ——] 19 —_— ELE ) -98 —— —
&8 e s = - 1560 — — | 19,0 — L g 1.11 — ——
3-8 —— —— X0 n 1.0 —_— ———— 7.8 —_— 134 146 —_— n—
b8 — — B ] -33 .o — —————— 0.l — 1.8 105 — romn
Avarnge = L.5h 1a 1.15
5 injiorkes cheervel upright fillxre; ¥ iatiosbes Cheerved wob failive.
Dror froed cripaling fuiiare of sl wha. A

Oyar of leos weba,
For web fadlure of plane woba.
oo 18 the lowesk onn of the jredished skreases, T, 7, il Ty

Tiosd too Righy loading-frass Tinding.
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Curved shear web
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Curved torsion box
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Plane shear web

==$ | oading torque
' ==p Reacting torque

Plane torsion box
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24-2x 2xf—
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Plane web beam

Figqure .- Dimensions. .of test
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3 thicknesses of shee
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